On 8 top class swimmers electrocardiographic response to the strenuous exercise (60 knee bends in 1min.) during Mexico training (altitude 2,240M.) was compared with the response in Tokyo. The increase in heart rate, relative QT duration, amplitude of P waves, and decrease in amplitude of T waves with junctional depression of the ST segment were observed after the exercise. These responses became prominent during Mexico training both before and after the exercise, and returned to the previous level after return to Tokyo indicating the effect of the altitude on the exercise electrocardiogram.
12 lead electrocardiogram, hemogram and pulmonary function tests were within normal limits in all subjects.
The exercise consisted of knee bends at the rate of 1 bend per sec . for 1min.; 60 complete flexions and extensions of the knee and hip joints for 1min. The routine 12 lead electrocardiogram was recorded before the exercise. Postexercise electrocardiograms were recorded immediately and 2 and 5min. after the cessation of the exercise in leads I, II, III, V1, V4, and V5.
The control examination was performed during the training in Tokyo (altitude 29M.) in the middle of September, 1965 . During the training in Mexico City (from Sept. 25, 1965 to Oct. 17, 1965) , the same examination was performed on every third or fourth day, starting at the second day (Sept. 26) and ending after the competition (Oct. 16). The post-Mexico training examination was carried out on the next day and 3 weeks later after returning to Tokyo (Oct. 21 and Nov. 8) .
Serial changes in heart rate, amplitude of P in lead II, mean electrical axis of P and QRS in frontal plane, amplitude of T in lead II, deviation of ST junction in V5 and relative QT duration 10) before and after the exercise were analysed before, during and after the training in Mexico City.
RESULTS
The average values and the standard deviations of heart rate, amplitude of P and T waves in lead II, and relative QT duration in 8 subjects are shown in Table I . Representative tracings are shown in Fig.1 .
Heart Rate In control examination in Tokyo the heart rate increased from an average of 56 to 109 beats per min. immediately after the exercise, then decreased to 74 and 65, 2 and 5min. after the exercise respectively. On the second day in Mexico City the heart rate immediately after the exercise increased to 123 per min., but the heart rates 2 and 5min. after the exercise were the same as in control examination.
Heart rate during the stay in Mexico City at each timing of exercise is shown in Fig.2 . Resting heart rate increased gradually from 56 to 61 (66 during the competition). Heart rate immediately after the exercise was highest on the second day, and decreased gradually to 119-117, remaining at the higher level than the control value. Heart rate returned to the previous level after coming back to Tokyo.
In 2 cases phasic changes of heart rate showing marked bradycardia was observed 2min. after the exercise. Occasional ventricular extrasystole appeared immediately after the exercise in 3 cases.
Amplitude of PII Average amplitude of PII in control examination increased from 1.21 to 1.76mm. immediately after the exercise, then decreased gradually to 1.50 and 1.32mm. 2 and 5min. after the exercise respectively. PII amplitudes Amplitude of T in lead II Amplitudes of TII in control examination were 4.25,2.94,3.66, and 3.63mm. before, immediately after and 2 and 5min. after the exercise respectively, being lowest immediately after the exercise. T wave 2min. after the exercise was higher than that of 5min. after the exercise. The same pattern of T wave changes was observed during Mexico training. The amplitude of T waves before and after the exercise decreased on the second day, recovered around a week later, and then decreased again in 12 days of Mexico training. The recovery of the T amplitude to the control level took more than 3 weeks after returning to Tokyo (Fig.4) . 
ST junction
No depression of the ST segment or ST junction was observed before the exercise through the training period. Two subjects revealed STJ depression of more than 0.5mm. immediately and 2min. after the exercise in the control study. The STJ depression after the exercise became remarkable in 5 subjects in the first week of Mexico training, and gradually disappeared in the following days (Table II) . The ST depression observed was of the junctional type showing upward ST segment in all cases.
Relative QT duration Relative QT duration increased after the exercise in all subjects. Average value of the relative QT duration in the control study increased from 102.3% to 105.6%,109.5% and 108.4% immediately after, and 2 and 5min. after the exercise respectively. Remarkable increase in relative QT duration at 2 and 5min. after the exercise was observed throughout the examination. Relative QT duration both before and after the exercise increased during the Mexico training and returned quickly to the control value after coming back to Tokyo (Fig.5) .
QRS changes
Marked respiratory variations in QRS amplitude immediately after exercise were observed in leads V4 and V5, showing decrease in R and increase in S amplitudes during inspiration (Fig.6) . Neither an increase in amplitude of Rv1 nor right bundle branch block pattern was recorded throughout the training.
DISCUSSION
The electrocardiographic response to the strenuous exercise of the present examination consisted of the increase in heart rate, relative QT duration, amplitude of P waves, and decrease in amplitude of T waves with junctional depression of the ST segment. These changes became prominent during the Mexico training as compared with the control study in Tokyo. Although it is conceivable that the augmented response in Mexico City may be partly due to the scheduled training, the fact that the same schedule of training was carried out in Tokyo, and the return of these changes to the previous level after coming back to Tokyo may indicate the effect of the altitude on the electrocardiographic response.
The increase in heart rate is the primary factor to increase the cardiac output during and after the exercise, 11) and hypoxia at altitude augmented the response. 12)-16) The heart rate after the exercise was highest on the second day in Mexico City , followed by a gradual decrease to the new level which is higher than the control level . This may indicate the cardiovascular adapta- 
SUMMARY
The effect of strenuous exercise (60 knee bends in 1min.) on the electrocardiogram was studied in 8 top class swimmers in Mexico City (altitude 2,240M.). The electrocardiographic changes during the 3 week Mexico training were compared with the responses in Tokyo.
(1) Heart rate immediately after the exercise increased markedly on the second day in Mexico, and declined gradually. Heart rate before and immediately after the exercise remained at higher level during Mexico training than in Tokyo.
(2) Average amplitudes of P waves before and after the exercise in lead II were taller during Mexico training than in control study in Tokyo, the most prominent P waves after the exercise being observed on the second day in Mexico. P pulmonale at rest was observed in 2 cases. Right axis deviation of P waves was observed in 3 cases. These changes in heart rate and P waves returned to the control value after coming back to Tokyo.
(3) Amplitude of T waves in lead II decreased immediately after the exercise throughout the study. Decreased amplitude of T waves before and after the exercise was remarkable after 12 days of Mexico training.
(4) The junctional depression of ST segment after the exercise was remarkable in the first week of Mexico training, and disappeared gradually in the following week.
(5) Relative QT duration was increased 2 and 5min. after the exercise. Relative QT duration increased during the Mexico training both before and after the exercise.
These electrocardiographic changes during Mexico training and anginal chest pain experienced during and after the race indicated the need for the careful health examination of the athletes.
